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ABSTRACT 

D i g i t a l  computer  s i m u l a t i o n s  of  AAP-1 rendezvous  oppor-  
t u n i t i e s  show t h a t  t h e  i n c l u s i o n  o f  an M = 1 6  CSM rendezvous  mode 
i n c r e a s e s  t h e  number o f  l aunch  o p p o r t u n i t i e s  s u b s t a n t i a l l y  o v e r  
t h e  c a s e  where rendezvous  must be accompl ished  i n  f o u r  o r b i t s  or 
l e s s .  

E a r t h  o b l a t e n e s s  e f f e c t s  c a u s e  a small  r e d u c t i o n  i n  t h e  
l aunch  v e h i c l e  per formance  a long  n o r t h e r l y  l aunch  az imuths  com- 
p a r e d  w i t h  l a u n c h e s  t o  t h e  s o u t h .  
ment o f  2 0 0  pounds w i t h  r e spec t  to t h e  s o u t h e r l y  maximum c a p a b i l i t y ,  
M = 1 6  l a u n c h  o p p o r t u n i t i e s  t o  t h e  n o r t h  w i l l  e x i s t  on 50% o f  t h e  
d a y s .  The p reponderance  of  M = 1 6  o p p o r t u n i t i e s  s u g g e s t s  t h a t  
c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  making t h i s  mode t h e  program 
b a s e l i n e  f o r  CSM rendezvous .  

However, f o r  a p a y l o a d  d e c r e -  
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MEMORANDUM FOR FILE 

I .  I n t r o d u c t i o n  

The AAP-2 f l i g h t  w i l l  nomina l ly  p l a c e  t h e  o r b i t a l  
workshop (OWS) i n t o  a 185 x 210 nm o r b i t  a t  a p p r o x i m a t e l y  35' 
i n c l i n a t i o n .  The AAP-1  l aunch  o f  t h e  CSM i s  c u r r e n t l y  base- 
l i n e d  (Refe rence  1) t o  o c c u r  two days  l a t e r  and to rendezvous  
w i t h  t h e  OWS. N e v e r t h e l e s s ,  t h e  d e t e r m i n a t i o n  of  s u b s e q u e n t  
l a u n c h  o p p o r t u n i t i e s  i s  e s s e n t i a l  f o r  b u i l d i n g  o p e r a t i 3 n a l  
f l e x i b i l i t y  i n t o  t h e  f l i g h t  p l a n s  as w e l l  as f o r  a s c e r t a i n i n g  
t h e  amount of  pay load  c a p a b i l i t y  which s h o u l d  b e  r e s e r v e d  for 
yaw s t e e r i n g  and e v a l u a t i n g  t h e  e f f i c i e n c y  o f  u t i l i z i n g  b o t h  
n o r t h e r l y  and s o u t h e r l y  launch  az imuths  s h o u l d  t h e  l aunch  of  
A A P - 1  be d e l a y e d .  

A l aunch  o p p o r t u n i t y  o c c u r s  when t h e  p o s i t i o n  o f  t h e  
l a u n c h  s i t e  m e r i d i a n  i s  such  t ha t  t h e  fol-lowing two c o n d i t i o n s  
can be s i m u l t a n e o u s l y  s a t i s f i e d :  (i) s u f f i c i e n t  pe r fo rmance  
i s  ava i l ab le  t o  f l y  a s l i g h t l y  doglegged  t r a j e c t o r y  t o  p l a c e  
p o s i t i o n  and v e l o c i t y  v e c t o r s  i n  t h e  same p l a n e  as t h e  OWS 
o r b i t  and (ii) t h e  c o r r e c t  phas ing  between t h e  CSM and OWS can 
be  a s s u r e d  a t  i n i t i a t i o n  o f  t h e  t e r m i n a l  phase  maneuvers of t h e  
r endezvous .  T h i s  memorandum p r e s e n t s  t h e  r e s u l t s  o f  d i g i t a l  
computer  s i m u l a t i o n s  made t o  de t e rmine  when A A P - 1  l a u n c h  
o p p o r t u n i t i e s  w i l l  o c c u r .  Range s a f e t y  c o n s i d e r a t i o n s  a s  mani- 
f e s t ed  i n  p o t e n t i a l  l aunch  azimuth c o n s t r a i n t s  w i l l  b e  s e e n  t o  
have an u n f a v o r a b l e  e f f e c t  on t h e  s o u t h e r l y  l aunch  o p p o r t u n i t i e s  
t h r o u g h  c o n d i t i o n  ( i )  above .  

The i n c l i n a t i o n  of  t he  OWS i n  t h i s  s t u d y  was t a k e n  
t o  b e  35.93' t o  be  c o n s i s t e n t  w i t h  r e c e n t  MSFC data.  S m a l l  
v a r i a t i o n s  i n  i n c l i n a t i o n  w i l l  n o t  s u b s t a n t i a l l y  change t h e  
c o n c l u s i o n s  r e a c h e d  below.  

11. Payload  Decrement vs  Yaw-Steering C a p a b i l i t y  

A l aunch  window i s  d e f i n e d  i n  t e rms  o f  t h e  c a p a b i l i t y  
o f  t h e  l aunch  v e h i c l e  t o  maneuver i n t o  t h e  t a r g e t  o r b i t  p l a n e  
w i t h  an a p p r o p r i a t e  yaw-s t ee r ing  program. S i m u l a t i o n s  were made 
w i t h  t h e  Bellcomm AAP S i m u l a t o r  ( R e f e r e n c e s  2-3)  t o  g e n e r a t e  t h e  
y a w - s t e e r i n g  programs and t h e  c o r r e s p o n d i n g  p a y l o a d  da ta  f o r  
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t a r g e t i n g  to s p e c i f i e d  o r b i t a l  i n s e r t i o n  c o n d i t i o n s  of f l i g h ' t  
p a t h  a n g l e ,  i n s e r t i o n  r a d i u s ,  i n c l i n a t i o n  and descend ing  node 
(measured  i n  t h e  e q u a t o r i a l  p l a n e  from t h e  l a u n c h  s i t e  l o n g i -  
t u d e  a t  l a u n c h ) .  Engine  performance and s tage w e i g h t  data used  
i n  t h e  s i m u l a t i o n s  were o b t a i n e d  from Refe rences  4-7. A com- 
p l e t e  d i s c u s s i o n  of  t h e  r e l a t i o n s h i p  between t a r g e t e d  d e s c e n d i n g  
node and t h e  amount o f  yaw s t e e r i n g  r e q u i r e d  t o  p u t  t h e  C S N  i n t o  
t h e  o r b i t  p l a n e  of  t h e  OWS i s  c o n t a i n e d  i n  R e f e r e n c e  8 and w i l l  
n o t  be r e p e a t e d  here .  

I n  t a r g e t i n g  each  run ,  second s t a g e  p i t c h  a n g l e  and 
p i t c h  r a t e  were used  t o  c o n t r o l  a l t i t u d e  and f l i g h t  p a t h  a n g l e  
at c u t o f f ;  g r a v i t y  t u r n  k i c k  a n g l e  was used  t o  o p t i m i z e  p a y l o a d ;  
and l aunch  az imuth  and second  s t a g e  yaw r a t e  c o n t r o l l e d  c r o s s -  
p l a n e  p o s i t i o n  and v e l o c i t y  e r r o r s  a t  c u t o f f .  A s econd  s t a g e  
i n i t i a l  yaw t u r n  was n o t  u sed  because  p r e v i o u s  o p t i m i z a t i o n  
s t u d i e s  had shown a z e r o  va lue  i s  ve ry  n e a r l y  optimum ( R e f e r e n c e  8 ) .  

The uppe r  pa r t  of  F i g u r e  1 shows pay load  decrement  
as a f u n c t i o n  of  t i m e  ( i n  minu tes )  f rom t h e  c e n t e r  o f  a l a u n c h  
window, where t h e  c e n t e r  co r re sponds  t o  t h e  z e r o  yaw-s t ee r ing  
program. T h e r e  e x i s t  two zero-yaw t r a j e c t o r i e s  t o  a 35.93" 
i n c l i n a t i o n  o r b i t ,  one t o  t h e  n o r t h  and one t o  t h e  s o u t h ,  w i t h  
l aunch  az imuths  of 65.12" and 113.40' r e s p e c t i v e l y .  Payload  
decrement  i n  F i g u r e  1 i s  r e f e r e n c e d  t o  t h e  maximum p a y l o a d  which 
can be i n s e r t e d  i n t o  an 8 1  x 120  nm o r b i t  a t  35.93' i n c l i n a t i o n  
w i t h  t h e  SPS i n s e r t i o n  t e c h n i q u e .  The r e l a t i v e  optimums i n  
p a y l o a d  f o r  n o r t h e r l y  and s o u t h e r l y  l a u n c h e s  of t h e  CSM are  s e e n  
i n  F i g u r e  1 t o  d i f f e r  by about  155  pounds.  T h i s  d i f f e r e n c e  re- 
s u l t s  from t h e  e q u a t o r i a l  bu lge  o f  t h e  E a r t h  which c o n t r i b u t e s  
a p e r t u r b i n g  a c c e l e r a t i o n  d u r i n g  b o o s t .  T h i s  a c c e l e r a t i o n  p r o -  
duces  an a d d i t i v e  component a long  t h e  d i r e c t i o n  o f  t h e  t h r u s t  
a c c e l e r a t i o n  f o r  l a u n c h e s  t o  t h e  s o u t h  b u t  a n e g a t i v e  c o n t r i -  
b u t i o n  f o r  n o r t h e r n  l a u n c h e s .  Payload  c a p a b i l i t y  f i g u r e s  i n  
t h e  A A P  weight  and per formance  r e p o r t s  are based on an optimum 
s o u t h e r l y  l aunch  t o  o r b i t  w i thou t  conce rn  for r ange  s a f e t y  or 
r endezvous .  T h e r e f o r e ,  n o r t h e r l y  l aunches  impose a p e n a l t y  o f  
155 pounds f o r  t h e  optimum case  and somewhat more f o r  a r e a s o n a b l e  
l aunch  window. 

111. Launch Azimuth C o n s t r a i n t s  

I n  R e f e r e n c e  8 i t  was r e p o r t e d  t h a t  l aunch  az imuths  
o f  112" f o r  35" i n c l i n a t i o n  o r b i t s  would b r i n g  t h e  i n s t a n t a n e o u s  
impact  p o i n t  ( I I P )  p l o t  o f  a CSM l aunch  i n t o  c l o s e  p r o x i m i t y  of  
e a s t e r n  r e g i o n s  o f  t h e  West I n d i e s .  Launch az imuth  can be  
r e s t r i c t e d  t o  a s p e c i f i e d  maximum v a l u e ,  b u t  i t s  r o l e  as a t a r -  
g e t i n g  v a r i a b l e  must be  r e p l a c e d  by  a n o t h e r .  An i n s t a n t a n e o u s  
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yaw t u r n  a t  t h e  b e g i n n i n g  of second s t a g e  o p e r a t i o n  i s  used ,  
t o g e t h e r  w i t h  yaw r a t e  th rough  second  s t a g e ,  t o  s a t i s f y  t h e  
end p o i n t  c o n d i t i o n s  of  no c ros s -p l ane  p o s i t i o n  or v e l o c i t y  
e r r o r .  
l o a d .  
l i m i t s  o f  108O, 110' and 112'. 

One e x p e c t s  t h i s  p rocedure  t o  be more c o s t l y  of pay- 
F i g u r e  1 shows t h e  s e v e r i t y  of t h i s  p e n a l t y  f o r  az imuth  

For l a u n c h  window s t u d i e s  p r e s e n t e d  a t  t h e  A A P  Base- 
l i n e  C o n f i g u r a t i o n  Review on March 4 ,  1 9 6 9 ,  an az imuth  c o n s t r a i n t  
o f  110' was assumed. 
t u n i t i e s  t h i s  same uppe r ' bound  on l aunch  az imuths  w i l l  be used .  

I n  t h e  e n s u i n g  d i s c u s s i o n  o f  l aunch  oppor- 

I V .  P h a s i n g  C o n s i d e r a t i o n s  f o r  Rendezvous 

The i n - p l a n e  l a u n c h  window, de t e rmined  by t h e  amount 
of  p a y l o a d  s a c r i f i c e d  f o r  yaw s t e e r i n g ,  i s  on ly  h a l f  t h e  s t o r y .  
Launch must a l s o  o c c u r  w i t h i n  an in-phase  l a u n c h  window; 
i s ,  t h e  c e n t r a l  a n g l e  between c h a s e  v e h i c l e  and t a r g e t  must b e  
w i t h i n  a r ange  t h a t  a l l o w s  t h e  c h a s e r  t o  c a t c h  up a t  t h e  end 
of t he  p r e s c r i b e d  rendezvous  maneuvers .  I t  i s  most c o n v e n i e n t  
t o  c a l c u l a t e  in -phase  windows i n d e p e n d e n t l y .  
o p p o r t u n i t y  e x i s t s  whenever an in -phase  window and an i n - p l a n e  
window o v e r l a p .  

t h a t  

Then a l aunch  

The d u r a t i o n  o f  t h e  in -phase  window depends on how 
much t h e  ca tch-up  a n g l e  can be v a r i e d  a f t e r  l a u n c h .  S i n c e  a 
s a t e l l i t e  i n  a low o r b i t  t r a v e l s  w i t h  f a s t e r  a n g u l a r  speed  t h a n  
one i n  a h i g h  o r b i t ,  t h e  catch-up a n g l e  i s  p r o p o r t i o n a l  t o  t h e  
p r o d u c t  of o r b i t  h e i g h t  d i f f e r e n c e  and number of  o r b i t s  s p e n t  
t h e r e .  The CSM i s  i n s e r t e d  o n t o  an i n i t i a l  8 1  x 1 2 0  nm o r b i t ;  
n e a r  t h e  end o f  rendezvous  i t  must f l y  a c o e l l i p t i c  o r b i t  1 0  nm 
below t h e  OWS, which i s  a t  185 x 2 1 0  nm. I n  be tween,  a p a r k i n g  
o r b i t  i s  used  and i t s  h e i g h t  can b e  chosen ,  i n  P r i n c i p l e ,  any- 
where between t h e s e  two ext remes  i n  o r d e r  t o  a c h i e v e  t h e  r e q u i r e d  
ca tch-up  a n g l e .  
h e i g h t  was assumed t o  l i e  between 1 2 0  x 1 2 0  and 165 x 190 nm. 
I f  M r e p r e s e n t s  t h e  number o f  o r b i t s  f o r  t h e  e n t i r e  r endezvous ,  
M-2 o r b i t s  w i l l  b e  s p e n t  i n  t h e  p a r k i n g  o r b i t .  The o t h e r  two 
o r b i t s  w i l l  be  consumed i n  t h e  i n i t i a l  o r b i t ,  t r a n s f e r r i n g  o u t  
o f  t h e  p a r k i n g  o r b i t ,  i n  t h e  c o e l l i p t i c  c o a s t ,  and i n  t h e  f i n a l  
approach .  I n  t h i s  s t u d y  t h e  M = 3 ,  4 and 16  rendezvous  modes 
were s t u d i e d  s i n c e  these a r e  most c o m p a t i b l e  w i t h  o p e r a t i o n a l  
c o n s t r a i n t s  on ground t r a c k i n g  and crew a c t i v i t y  t i m e l i n e s .  

Te rmina l  p h a s e  l i g h t i n g  i s  c o n t r o l l e d  b y  spend ing  t h e  
p r o p e r  amount of t i m e  i n  c o e l l i p t i c  c o a s t  p r i o r  t o  t h e  t e r m i n a l  
p h a s e .  S p e c i f i c  o r b i t  geometry might  r e q u i r e  a change i n  c o a s t  
t i m e  as much as +1/2 o r b i t  which would s h i f t  t h e  c a l c u l a t e d  
window +12 seeon&.  
w i t h  the windows t h a t  do occur .  

I n  f a c t ,  f o r  t h i s  s t u d y ,  t h e  p h a s i n g  o r b i t  

T h i s  p e r t u r b a t i o n  i s  n e g l i g i b l e  i n  comparison 



BELLCOMM, INC. - 4 -  

In -phase  windows for t h e  M = 3 ,  4 and 1 6  r endezvous  
were de t e rmined  w i t h  t h e  a i d  of a rendezvous  s i m u l a t i o n  program 
d e s c r i b e d  i n  Refe rence  9. The phase  a n g l e  o f  t h e  t a r g e t  v e h i c l e  
c o r r e s p o n d s  t o  an OWS l a u n c h  on Day 0 to t h e  n o r t h  w i t h  no  yaw 
maneuvers .  The in -phase  windows c o v e r i n g  a two week p e r i o d  
f o l l o w i n g  l aunch  of  t h e  OWS a r e  b l o c k e d  i n  on t h e  bot tom por-  
t i o n  o f  F i g u r e  1. Because t h e  M = 3 and M = 4 windows o v e r l a p  
and are  o f  such  s h o r t  d u r a t i o n  r e l a t i v e  t o  t h e  M = 1 6  windows, 
t h e y  have been  combined i n  F i g u r e  1 as M = 3/4 windows. A t a b u -  
l a t i o n  o f  t h e  l a u n c h  o p p o r t u n i t i e s  b a s e d  on t h e  data  i n  F i g u r e  1 
i s  p r e s e n t e d  i n  Tab le  I . f o r  s e v e r a l  v a l u e s  of  p a y l o a d  decrement  
w i t h  an az imuth  c o n s t r a i n t  of 110' assumed t o  h o l d .  

The M = 1 6  rendezvous i s  h i g h l y  a t t r a c t i v e  i n  t h a t  i t  
a f f o r d s  in -phase  windows on t h e  o r d e r  o f  35 minu tes  i n  l e n g t h  as 
compared w i t h  1 or 2 minu tes  f o r  an  M = 3 or M = 4 r endezvous ,  
t h e r e b y  a l l o w i n g  many more l aunch  o p p o r t u n i t i e s .  T a b l e  I 
i l l u s t r a t e s  t h e  p reponderance  o f  l aunch  o p p o r t u n i t i e s  f o r  an 
M = 1 6  r endezvous .  The M = 16  rendezvous  has t h e  added advan- 
t a g e  o f  a l l o w i n g  t h e  command module crew an o p p o r t u n i t y  f o r  
s l e e p  f o l l o w i n g  t h e  busy p re - l aunch  and l aunch  a c t i v i t i e s  
s c h e d u l e  b e f o r e  t h e y  must pe r fo rm t h e  demanding rendezvous  
o p e r a t i o n s .  During t h i s  t ime  improved d e t e r m i n a t i o n  o f  t h e  
s t a t e  v e c t o r s  of t h e  CSM and OWS can a l s o - b e  o b t a i n e d .  

The l a u n c h  o p p o r t u n i t y  c h a r t  a l s o  shows t h a t  n o r t h  and 
s o u t h  o p p o r t u n i t i e s  are r a t h e r  complementary;  t h e y  r a r e l y  o c c u r  
on t h e  same day .  Conver se ly ,  if e i t h e r  n o r t h  or s o u t h  l a u n c h e s  
a r e  a r b i t r a r i l y  e x c l u d e d ,  n e a r l y  h a l f  t h e  o p p o r t u n i t i e s  d i s a p p e a r .  
C u r r e n t  p l a n s  c a l l  f o r  o n l y  n o r t h e r l y  l a u n c h e s .  N e v e r t h e l e s s ,  
o p p o r t u n i t i e s  occur  on abou t  h a l f  t h e  days .  

The  number of  launch  o p p o r t u n i t i e s  i s  n o t  t e r r i b l y  
s e n s i t i v e  to t h e  amount of pay load  s e t  as ide for yaw s t e e r i n g .  
The in -phase  windows a re  long  (35  minu tes  f o r  M = 1 6 )  compared 
w i t h  t h e  i n - p l a n e  windows ( 7  minu tes  f o r  2 0 0  pounds,  N o r t h ) ,  
and t h e  p r o b a b i l i t y  o f  o v e r l a p  i s  n o t  s i g n i f i c a n t l y  i n c r e a s e d  
by l e n g t h e n i n g  t h e  i n - p l a n e  window. 

V.  Nodal Regres s ion  

I n  do ing  an M = 1 6  r endezvous ,  t h e  n o d a l  r e g r e s s i o n  
canno t  be n e g l e c t e d .  Because t h e  chase  v e h i c l e  spends  1 4  o f  
t h e  1 6  o r b i t s  i n  a c i r c u l a r  p h a s i n g  o r b i t  as low as 120 nm 
as compared w i t h  t h e  185 x 210  nm o r b i t  o f  t h e  t a r g e t  v e h i c l e ,  
t h e  d i f f e r e n c e  i n  n o d a l  r e g r e s s i o n  ra tes  i s  s i g n i f i c a n t .  I n  t h e  
w o r s t  c a s e  t h e  d i f f e r e n c e  i n  node a n g l e s  between t h e  OWS o r b i t  
and t h e  CSM o r b i t  would become a p p r o x i m a t e l y  . 2 5 O  o v e r  t h e  1 4  
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p h a s i n g  o r b i t s  and would have t o  b e  c o r r e c t e d  e i t h e r  by an i n -  
o r b i t  burn  b y  t h e  CSM of  some 7 0  f e e t  p e r  s econd  or by i n s e r t i n g  
t h e  CSM on a s u i t a b l y  b i a sed  i n i t i a l  o r b i t  p l a n e .  
a l t e r n a t i v e  i s  more economical  and can b e  e a s i l y  implemented 
a t  l a u n c h .  

The l a t t e r  

V I .  Conclus ions  

I n c l u s i o n  o f  a n  M = 1 6  rendezvous  mode f o r  t h e  CSM's 
i n  t h e  m i s s i o n  p l a n n i n g  w i l l  s u b s t a n t i a l l y  i n c r e a s e  t h e  number 
o f  a v a i l a b l e  l a u n c h  o p p o r t u n i t i e s  f o r  t h e  A A P - 1  rendezvous  w i t h  
t h e  OWS. I n  f a c t ,  t h e  M = 1 6  rendezvous  mode s o  dominates  t h e  
a v a i l a b l e  o p p o r t u n i t i e s  t h a t  c o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  
s i m p l y  b a s e l i n i n g  t h i s  o p t i o n  a l o n e .  

Assuming a r e a s o n a b l e  p a y l o a d  decrement  ( s a y ,  2 0 0  
pounds)  i t  a p p e a r s  t h a t  n o r t h e r l y  l aunch  o p p o r t u n i t i e s  e x i s t  
on a b o u t  50% of  t h e  d a y s .  
i n  t h i s  s t u d y ,  t h e  r e l a t i o n  of i n -phase  t o  i n - p l a n e  windows 
r e p e a t s  r o u g h l y  e v e r y  e i g h t  days.  ) 
complement t h e  n o r t h e r l y  ones .  
t u n i t i e s  g e n e r a l l y  e x i s t  on days when t h e r e  i s  no  n o r t h e r l y  
o p p o r t u n i t y  and t h e r e  a re  ex t r eme ly  f e w  days on which t h e r e  i s  
e i t h e r  no o p p o r t u n i t y  a t  all o r  an o p p o r t u n i t y  to l aunch  e i t h e r  
n o r t h  or s o u t h .  

(For t h e  OWS o r b i t  p a r a m e t e r s  u s e d  

The s o u t h e r l y  o p p o r t u n i t i e s  
T h a t  i s ,  s o u t h e r l y  l aunch  oppor- 

Although a s p e c i f i c  s e t  o f  OWS parameters has  been  
t h e  bas i s  f o r  t hese  c o n c l u s i o n s ,  smal l  v a r i a t i o n s  i n  a l t i t u d e  
or i n c l i n a t i o n  w i l l  n o t  a f f e c t  t h e  dominant  r o l e  o f  t h e  M = 1 6  
r endezvous .  

The a u t h o r  wishes t o  g r a t e f u l l y  acknowledge t h e  assis-  
t a n c e  of W .  L .  A u s t i n  i n  g e n e r a t i n g  in-phase  window da ta .  

9- 
I .  H i r s c h  

Attachment  



BELLCOMM, I N C .  

REFERENCES 

1. 

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8 .  

9 .  

MSC, " B a s e l i n e  Refe rence  Miss ion  Document , I r  MSC-KM-D-68-4, 
December 1 5 ,  1 9 6 8 .  

I .  H i r s c h ,  " M o d i f i c a t i o n s  t o  t h e  BCMASP S i m u l a t o r  f o r  
S a t u r n  I B  T r a j e c t o r i e s , "  Memorandum for F i l e ,  March 2 9 ,  
1968 .  

P .  H .  Whipple ,  "Subrou t ines  HUNT3 and HUNT4 f o r  T r a j e c t o r y  
T a r g e t i n g  w i t h  BCMASP - Case 610," Bellcomm Memorandum for 
F i l e ,  B69 03097, March 2 6 ,  1 9 6 9 .  

MSFC, "Revised  Launch Veh ic l e  Weight Data f o r  AAP Refe rence  
T r a j e c t o r i e s  , ' I  Memorandum R-P&VE-VAW-67-116, August 17, 1 9 6 7 .  

MSFC, "Weight S t a t u s  Report  f o r  t h e  S a t u r n  I B  Launch V e h i c l e s , "  
Memorandum R-P&VE-VAW-67-142, November 2 ,  1967.  

MSFC, "AAP-2 P r e l i m i n a r y  Performance Data and F l i g h t  P r o f i l e  ,If 
Memorandum R-AERO-DAP-8-68, March 20,  1968 .  

MSFC, "Engine S p e c i f i c  Impulse and T h r u s t  for A p p l i c a t i o n  
t o  S a t u r n  V e h i c l e s  ," Memorandum R-P&VE-67-401, August 23,  
1967 (CONFIDENTIAL). 

W .  L .  Aus t in ,  I .  H i r s c h ,  K .  E .  M a r t e r s t e c k ,  "Pay load  Capa- 
b i l i t y  and Launch Windows f o r  AAP Miss ions  a t  35" I n c l i n a -  
t i o n  - Case 610,~~ Bellcomm Memorandum f o r  F i l e ,  B 6 8  12072, 
December 20,  1 9 6 8 .  

W .  L.  A u s t i n ,  "LWPANE: A Program f o r  De te rmin ing  Launch 
Windows and Launch Panes  - Case 6 1 0 , ~ '  Bellcomm Memorandum 
f o r  F i l e  ( i n  p r e p a r a t i o n ) .  



C 
C 
C 
r 

L 

SI 111 NflldOdd0 

I I I I I I I 
8 
vi 

0 
0 
0 
A 

(SaNnOd 

3SVHd-NI Nd3HlflOS 

S3111 NflldOddO 3SVHd-NI Ntl3HldON 

ZI + 

\o 

+ 4 

00 + 
0 z 
=> a 
U 

E 
W 
I- z 
W 
0 

0 0  

cti 
U 

r" - 
I- s 

I 

i 
0 

0 
M 
o\ 

vi 
cr\ 

I- a 
m 
0 
3 

I 
I- - 
3 
z 
m 
0 
LL 
0 

E 

I 
CL a a 

- 
z 
3 
I- 
Qf 
0 
CL 
CL 
0 
I 
0 z 
z) 

5 

n 
a z 
z 
I 
I- 
Q5 
0 z 

E5 



PAY LOAD 
DECREMENT 

(pounds) 

M 

DAY 0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1E 

314 

?( 

x 

X 

NORTH I SOUTH 

16 

?(* 

.x 

: x  

x 

x 

.x. 

X 

X 

NORTH 

314 

X 

v A 

150 

16 

X 

:x 

x. 

x 

X 

X 

X 

X 

314 

X 

SOUTH 

16 

X 

X 

X 

X 

x x  

X 

X 

314 

NORTH 

16 

250 

X 

X 

L 

X 

X,  

TABLE I 

X 

X 

X 
. 

LAUNCH OPPORTUNITIES FOR VARIOUS VALUES OF PAYLOAD 
DECREMENT WITH A 110' LAUNCH AZIMUTH CONSTRAINT. 

:SO.UTH 



BELLCOMM, JNC. 

D i s t r i b u t i o n  L i s t  

From: I. H i r s c h  

NASA H e a d q u a r t e r s  

H .  Cohen/MLR 
P .  E .  Culbertson/MLA 
J .  H .  Disher/MLD 
L .  K .  Fero/MLV 
J .  P .  Field/MLP 
E .  L .  Harkleroad/MLO 
T . ,  A .  Keegan/MA-2 
M .  Savage/MLT 
W .  C .  Schneider/ML 
K .  L .  Turner/MLA 

KS C - 
W .  B .  Shapbell/AA-SVO 

MS C - 
W .  B .  Evans/KM 
W .  H .  Hamby/KM 
G .  L .  Hunt/MF13 
F .  C .  L i t t l e ton /KM 
H .  E .  Whitacre/KM 
K .  A .  Young/FM16 

Bellcomm, I n c .  

F .  G .  A l l e n  
A.  P .  Boysen, Jr. 
K .  R .  C a r p e n t e r  
D. A .  Chisholm 
D .  R .  Hagner 
W .  G .  H e f f r o n  
J .  J .  H i b b e r t  
B.  T .  Howard 
J .  Z .  Menard 
I .  M .  Ross 
R .  V .  S p e r r y  
J .  W .  Timko 
R .  L .  Wagner 
D i v i s i o n  1 0 1  S u p e r v i s i o n  
A l l  Members Departments  1 0 2 2  , 1 0 2 4  , 
Department  1 0  2 4 F i l e s  
C e n t r a l  F i l e s  
L i b r a r y  

1025 

MSFC 

J .  W .  Cremin/S&E-AERO 
G .  B . Hardy/PM-AA-EA 
G .  F .  McDonough/S&E-CSE-A 
R .  G .  Toelle/S&E-AERO 


